Glycogen-Synthase Kinase3beta/beta-catenin axis promotes angiogenesis through activation of vascular endothelial growth factor signaling in endothelial cells.
Glycogen-Synthase Kinase 3beta (GSK3beta) has been shown to function as a nodal point of converging signaling pathways in endothelial cells to regulate vessel growth, but the signaling mechanisms downstream from GSK3beta have not been identified. Here, we show that beta-catenin is an important downstream target for GSK3beta action in angiogenesis and dissect the signal transduction pathways involved in the angiogenic phenotype. Transduction of human umbilical vein endothelial cells (HUVECs) with a kinase-mutant form of the enzyme (KM-GSK3beta) increased cytosolic beta-catenin levels, whereas constitutively active GSK3beta (S9A-GSK3beta) reduced beta-catenin levels. Lymphoid enhancer factor/T-cell factor promoter activity was upregulated by KM-GSK3beta and diminished by S9A-GSK3beta, whereas manipulation of Akt signaling had no effect on this parameter. beta-Catenin transduction induced capillary formation in a Matrigel-plug assay in vivo and promoted endothelial cell differentiation into network structures on Matrigel-coated plates in vitro. beta-Catenin activated the expression of vascular endothelial growth factor (VEGF)-A and VEGF-C in endothelial cells, and these effects were mediated at the levels of protein, mRNA, and promoter activity. Consistent with these data, beta-catenin increased the phosphorylation of the VEGF receptor 2 (VEGF-R2) and promoted its association with PI3-kinase, leading to a dose-dependent activation of the serine-threonine kinase Akt. Inhibition of PI3-kinase or Akt signaling led to a significant reduction in the pro-angiogenic activity of beta-catenin. Collectively, these data show that the growth factor-PI3-kinase-Akt axis functions downstream of GSK3beta/beta-catenin signaling in endothelial cells to promote angiogenesis.